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【 目 的 】 
1、应用构建的水痘-带状疱疹病毒（VZV）报告细胞系 MV9G 进一步研究
白黎芦醇体外抑制 VZV 的作用机制。 
2、进一步验证应用 VZV 报告细胞 MV9G 筛选抗 VZV 药物并研究其作用机
制的可行性。 
 
【 方 法 】 
1、将无细胞 VZV 直接感染 MV9G 细胞（CFVs 直接感染）或将带细胞 VZV
与 MV9G 细胞共培养（CAVs 共培养）以激发 MV9G 细胞表达报告基因萤火虫
荧光素酶。 
2、在 CFVs 直接感染前或 CAVs 共培养不同时间点加入白黎芦醇，通过比
较药物对 CFVs 或 CAVs 激发荧光素酶的抑制强度分析白黎芦醇直接灭活病毒、
抑制病毒粘附和穿透、抑制病毒在细胞内复制及其时间点和可逆性。 
3、通过比较药物作用前后 VZV 即刻早期蛋白 62（IE62）mRNA 拷贝数和
IE62 表达强度变化分析白黎芦醇对 IE62 转录和表达的抑制作用。 
 
【 结 果 】 
1、白黎芦醇>30.0μg/mL 时 MV9G 细胞三磷酸腺苷（ATPs）含量随药物浓
度升高而逐渐降低，ATPs 降低 50%时白黎芦醇浓度（CD50）约 60.3μg/mL。 
2、无细胞 VZV（CFVs）与白黎芦醇（25.0μg/mL）预混 37oC 水浴孵育 2h
后直接感染 MV9G 细胞，CFVs 激发荧光素酶下降 50%。 
3、MV9G 细胞在含白黎芦醇培养基中 37oC 孵育 2h 后直接感染 CFVs，CFVs
激发荧光素酶随药物浓度升高而逐渐降低，但 4oC 孵育时无显著变化。 
4、在带细胞 VZV（CAVs）共培养中加入白黎芦醇时 CAVs 激发荧光素酶显
著降低，药物抑制荧光素酶 50%时浓度（IC50）约 8.7μg/mL。 
5、分别在 CAVs 共培养 3、6、9、12、24、30 和 36h 时加入白黎芦醇，3h ~ 
















6、CAVs 共培养时撤除白黎芦醇后 CAVs 激发荧光素酶显著高于撤药前，尤
以 24h 和 72h 撤药组明显。VZV IE62 mRNA 拷贝数和 IE62 抗体阳性细胞数随药
物作用时间延长而逐渐将低。 
 
【 结 论 】 
1、白黎芦醇细胞毒性较强，MV9G 细胞可耐受 高浓度为 30.0μg/mL。 
2、白黎芦醇可部分灭活 CFVs。 
3、白黎芦醇抑制 CFVs 穿透 MV9G 细胞膜但对 CFVs 粘附 MV9G 细胞膜无
影响。 
4、白黎芦醇以浓度依赖方式可逆性抑制 CAVs 在 MV9G 细胞内复制。 
5、白黎芦醇可能通过抑制 IE62 基因的转录和表达而抑制 VZV 感染的早期
阶段。 
6、应用 VZV 报告细胞系研究抗 VZV 作用机制是可行的。 
 



















1.  To further investigate the in vitro inhibitory mechanism(s) of resveratrol on 
varicella-zoster virus (VZV) with our previously generated reporter cell line MV9G. 
2.  To further verify the application of VZV reporter cell line MV9G to 
screening for anti-VZV drug and investigating its inhibitory mechanisms. 
 
Methods 
1. Cell-free VZVs (CFVs) were directly inoculated onto monolayer of MV9G 
cells (CFVs direct-infection) or cell-associated VZVs (CAVs) were co-cultured with 
MV9G cells (CAVs co-culture) to activate expression of the reporter gene firefly 
luciferase in MV9G cells. 
2. Resveratrol was added before or after virus infection, the roles of resveratrol 
on direct inactivation, on viral attachment to and penetration into MV9G cells, on 
intracellular viral replication and its IC50, inhibitory timepoints and reversibility were 
assayed by comparing the luciferase activities reduction by resveratrol.   
3. The reductions of VZV IE62 mRNA copies and IE62-antibody positive cells 
by resveratrol were further assayed. 
 
Results 
1. ATPs contents of MV9G cells in the presence of resveratrol over 30.0μg/mL 
were concentration- dependently reduced, the CD50 of which was around 60.3μg/mL. 
2. CFVs were premixed with 25.0μg/mL resveratrol and incubated at 37oC 
waterbath for two hours and then directly inoculated onto monolayer of MV9G cells, 
luciferases activated by resveratrol-treated CFVs were reduced to around half of the 
untreated controls. 
3. MV9G cells were pre-incubated with resveratrol at 37oC for two hours and 
then directly infected with CFVs at 37oC for another two hours, the CFVs-activated 















those pre-incubated at 4oC. 
4. MV9G cells were co-cultured with CAVs in the presence of resvertrol for 72 
hours, the CAVs-activated luciferases were markedly reduced in a concentration- 
dependent manner, the IC50 of which was 8.7μg/mL. 
5. Resveratrol was added in CAVs co-culture at 1, 3, 6, 9, 12, 24, 30, and 36 
hours post infection, the CAVs-activated luciferase in those resveratrol was added at 3, 
6, 9, 12, and 24 hours post infection were significantly higher than those of controls. 
6. Resveratrol was withdrawn from CAVs co-culture media, the CAVs-activated 
luciferases after withdrawal were significantly higher than those before, especially in 
those withdrawn at 24 and 72 hours post infection. 
7. The IE62 mRNA levels shown by cDNA copies detected with SYBR Green 
RT-PCR and IE62 positive cells shown by monoclonal anti-IE62 antibody of the 
virus-infected cells treated with resveratrol were significantly reduced with increase 
of incubation time with resveratrol. 
 
Conclusions 
1. Resveratrol was cytotoxic to MV9G cells, and the maximum resistant 
concentration on MV9G cells was around 30.0μg/mL, the CD50 of which was around 
60.3μg/mL. 
2. Non- cytotoxic resveratrol partly inactivated CFVs, inhibited viral penetration 
into rather than attachment to MV9G cells. 
3. Resveratrol inhibited CAVs’ intracellular replication strongly but reversibly in 
a concentration- dependent manner, the IC50 of which was around 8.7μg/mL. 
4. The inhibition of resveratrol on VZV in vitro might be through suppression of 
IE62 gene transcription and expression in the early stage of infection. 
5. The application of VZV reporter cell line MV9G to investigation of inhibitory 
mechanisms was verified. 
 

















英文简称 英文全称 中文全称 
VZV Varicella-zoster virus 水痘-带状疱疹病毒 
HHV Human herpesvirus 人类疱疹病毒 
PHN Postherpetic neuralgia 人带状疱疹后遗神经痛 
MV9G Reporter cell line for VZV VZV 报告细胞系 
CFVs Cell-free virus 无细胞病毒 
CAVs Cell-associated virus 带细胞病毒 
DMEM Dulbecco’s modified eagle’s medium 达尔伯克改良伊格尔培养基 
EMEM Eagle's minimum essential medium 伊格尔基础培养基 
FBS Fetal bovine serum 胎牛血清 
PBS Phosphate buffer solution 磷酸盐缓冲液 
IE Immediate early 即刻早期蛋白 
DNP DNA polymerase DNA 聚合酶 
TK Thymidine kinase 胸苷激酶 
ACV Acyclovir 阿昔洛韦 
PFA Foscarnet 膦甲酸 
ACVr Acyclovir-resistance virus ACV 耐药株 
PFAr Foscarnet-resistance virus PFA 耐药株 
PRA Plaque reduction assay 病毒蚀斑减数法 
YRA Yield reduction assay 病毒产量减数法 
PFU Plaque forming unit 病毒蚀斑形成单位 
IC50 Inhibitory concentration of 50% 半数抑制浓度 
CD50 Cytotoxicity dose of 50% 半数毒性浓度 
vOka Oka vaccine strain VZV Oka 疫苗株 















ORF Open reading frame 开放读码框架 
rpm Revolutions per minute 每分钟转速 
Ct Cycle threshold 循环阈值 
DMSO Dimethyl sulfoxide 二甲基亚砜 
RLU Relative light unit 相对光强单位 
DDW Double distilled water 双蒸水 































低下的人群如癌症患者或免疫功能缺陷者人免疫缺陷病毒（HIV）感染者 [ 1 ]。 
在水痘疫苗被批准用于预防接种前，40 岁以上人群几乎都曾有 VZV 感染经
历。水痘疫苗广泛用于预防接种后，儿童水痘和老年人带状疱疹后遗神经痛
（postherpetic neuralgia，PHN）的发生率显著降低 [ 2 ]，但器官移植接受者、HIV
感染者、恶性肿瘤患者等免疫低下人群感染 VZV 后仍可导致脑炎、脑膜炎等严
重并发症，严重者甚至死亡 [ 3 ]。  
4.2 VZV 临床治疗的主要药物 
以阿昔洛韦（acyclovir, ACV）为代表的选择性核苷抑制剂和以膦甲酸
（foscarnet, PFA）为代表的非核苷抑制剂可有效抑制病毒复制，已被广泛用于
VZV 感染者治疗。ACV 在病毒自身编码胸苷激酶（thymidine kinase, TK）等酶
的作用下磷酸化形成三磷酸 ACV，抑制病毒 DNA 聚合酶（DNA polymerase, 
DNP）活性进而抑制病毒 DNA 合成； PFA 则通过直接抑制病毒 DNP 和逆转录
酶的活性而抑制病毒 DNA 合成 [ 4 ]。VZV 的 TK 基因发生缺失或突变则导致病















物耐药。随着 HIV 感染者的逐渐增多，近年来关于 ACV 耐药株（ACVr）和/或
PFA 耐药株（PFAr）感染的报告越来越多。免疫功能受损者如艾滋病（AIDS）
患者和器官移植接受者中，VZV 感染后容易形成慢性播散性感染，长期应用大
剂量抗 VZV 药物 终可能导致机体内病毒对抗病毒药物耐药，而且，耐药 VZV
感染者症状往往较重，可并发严重肺部感染，重者可导致死亡 [ 5 ]。尽管 ACRr
感染者可用 PFA 治疗，但 PFA 的肾脏毒性限制了其临床应用 [ 4 ] 。因此，研究
针对病毒 TK 和 DNP 以外靶位的新型抗 VZV 药物已成当前 VZV 感染研究的重
点和热点之一 [ 6 ]。 
4.3 VZV 感染宿主细胞的机制 
VZV 高度依赖宿主细胞生长，通常以带细胞病毒（cell-associated virus，
CAVs）形式存在，将病毒所带宿主细胞去除即可得到无细胞病毒（cell-free virus，







胞外的任何环节都可能成为抗病毒药物作用的靶位之一 [ 6 ] ，尤其是病毒在宿
主细胞膜表面黏附和穿透等感染初始阶段更受到重视 [ 8 ] 。 
VZV 基因组包含 71 个开放读码框（ORFs），均匀分布在两条链上，一共
编码约 69 种蛋白，其中 ORF42 和 ORF45 接合转录成一种蛋白产物。VZV 即刻
早期蛋白 62（immediate early 62，IE62）是病毒皮层的主要成分，具有高度免疫
原性，可激活几乎所有 VZV 基因的启动子，或使其自身基因的转录静止，也可
调节其自身在细胞核中的浓度。 
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